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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a device for 
reforming fuel, which has reduced unreacted residual 
carbon and is capable of suppressing the production of 
carbon monoxide thereby being made compact in 
structure and has high performance. 
SOLUTION: The fuel reforming device 3 houses a fuel 
reforming catalyst for accelerating the reforming reaction 
of a fuel gas and produces a hydrogen enriched 
reformed gas by the reforming reaction of the supplied 
fuel gas, steam and oxygen. As for the reforming 
catalyst, a metal oxide material therein is controller as 
that its content on the side where the fuel gas is 
introduced is larger than that on the side where the 
reformed gas is discharged. Thus the partial oxidation 
reaction in the introducing side of the fuel gas is delayed to suppress the rapid temperature 
rising in this side, thereby reducing the concentration of carbon monoxide. 
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CLAIMS 



[Claim(s)] 

[Claim 1] fuel gas, a steam, and oxygen to the reforming reaction which holds the fuel reforming 
catalyst which promotes the reforming reaction of fuel gas, and is supplied hydrogen — the fuel 
reformer which is a fuel reformer which manufactures rich reformed gas, and is characterized by 
adjusting so that the side which introduces said fuel gas may increase more than the side to which the 
abundance of the metallic-oxide ingredient in it discharges said reformed gas to said reforming catalyst. 
[Claim 2] It is the fuel reformer according to claim 1 characterized by for said fuel reforming catalyst 
being a monolith type, and mixing said metallic-oxide ingredient so that the direction of the side which 
introduces fuel gas rather than the discharge side of reformed gas may increase. 
[Claim 3] Said fuel reforming catalyst is a fuel reformer according to claim 1 characterized by having 
arranged in order with many mixing rates of said metallic-oxide ingredient to the side which discharges 
reformed gas from the side which is a monolith type and introduces fuel gas for two or more sorts of 
monolith type catalysts of which the coat of the reforming catalyst from which the mixing rate of said 
metallic-oxide ingredient differs is carried out to catalyst support, and it consists. 
[Claim 4] fuel gas, a steam, and oxygen to the reforming reaction which holds the fuel reforming 
catalyst which promotes the reforming reaction of fuel gas, and is supplied — hydrogen - the fuel 
reformer which is the fuel reformer which manufactures rich reformed gas, and said fuel reforming 
catalyst is a monolith type, and is characterized by to carry out a coat so that the direction of abundance 
of the side which introduces said fuel gas into the front face of said reforming catalyst by which the coat 
was carried out to catalyst support rather than the side which discharges said reformed gas for a 
metallic-oxide ingredient may increase. 

[Claim 5] The fuel reformer according to claim 4 characterized by having arranged in order with much 
abundance of said metallic-oxide ingredient to the side which discharges reformed gas from the side into 
which the metallic-oxide ingredient of an amount which is different on the front face of the reforming 
catalyst which carried out the coat to said catalyst support introduces fuel gas for two or more sorts of 
monolith type catalysts by which the coat was carried out. 

[Claim 6] Said metallic-oxide ingredient is a fuel reformer according to claim 1 to 5 characterized by 
being an oxygen occlusion ingredient. 

[Claim 7] Said oxygen occlusion ingredient is a fuel reformer according to claim 6 characterized by 
being a multiple oxide containing cerium oxide Ce02 or Cerium Ce. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention — fuels, such as a hydrocarbon and a methanol, — reforming 
hydrogen — it is related with the fuel reformer suitable for manufacture of the fuel gas of fuel cells, such 
as a polymer electrolyte fuel cell and a phosphoric acid fuel cell, in detail about the fuel reformer for 
manufacturing rich reformed gas. 



[Description of the Prior Art] general — the hydrogen from the hydrocarbon of a methanol and others, 
and water — in order to manufacture rich reformed gas, the steam-reforming reaction shown with the 
following reaction formulas 1 is used. 



Since this steam-reforming reaction is endothermic reaction, it must heat by having to form a burner, a 
heater, etc. in a fuel reformer, and must supply a heating value required for a reforming reaction. 
[0004] Although applying such a fuel reformer to the system in consideration of a mounted mold fuel 
cell in recent years is examined, the starting nature of a fuel reformer, responsibility, and miniaturization 
have been a big technical problem. Autothermal reforming which makes the steam-reforming reaction of 
the reaction formula 1 which is endothermic reaction, and the partial oxidation reaction of the following 
reaction formula 2 which is exothermic reaction perform to coincidence as an effective method which 
solves it is studied. 
[0005] 
[Formula 2] 

CH 3 OH + |o 2 -> C0 2 + 2H 2 

However, when supplying a fuel, water, air, or oxygen to a reforming catalyst and making the above- 
mentioned autothermal reforming perform, since it is quick compared with the reaction rate of the 
steam-reforming reaction of a reaction formula 1, the reaction rate of the partial oxidation reaction of a 
reaction formula 2 is the installation side of the fuel gas of a catalyst bed, and a hot field will exist. And 
in the elevated-temperature field in this catalyst bed, when the decomposition reaction of the following 
reaction formula 3 and the reverse water gas shift reaction of a reaction formula 4 occur, carbon 
monoxide (CO) concentration will become high. 
;0006] 
"Formula 3] 



[0002] 




;0003] 
"Formula 1] 



CH,OH->CO + 2H 2 



[Formula 4] 
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C0 2 + H 2 ->CO + H 2 0 

It is necessary to hold down discharge CO concentration to dozens of ppm or less in a polymer 
electrolyte fuel cell, and to stop it to 1% or less in a phosphoric acid fuel cell. For this reason, in order to 
apply the fuel reformer mentioned above as fuel manufacturing installations, such as a phosphoric acid 
fijel cell, the problem that it is necessary to make CO stripper large-sized will arise. 
[0007] 

[Problem(s) to be Solved by the Invention] Since it was necessary to supply a heating value required for 
the endothermic reaction from the outside in the case of the fuel reformer to which only the steam- 
reforming reaction of a reaction formula 1 is made to perform as mentioned above, in order to have 
applied as a fuel manufacturing installation of a mounted mold fuel cell, there was a trouble that 
correspondence was difficult, in respect of a miniaturization and high-performance-izing. 
[0008] Moreover, although the fuel reformer which performs autothermal reforming mentioned above 
was promising, as mentioned above, the hot field occurred in the fuel gas installation side of a reforming 
catalyst, carbon monoxide concentration became high in the field, and there was a trouble which needs 
large-sized CO stripper. 

[0009] It was made in order that this invention might solve such a Prior-art-technical problem, there are 
few unreacted lipobiolite ghosts and the amount of generation of a carbon monoxide can be stopped low, 
and as the result, when including in a fuel cell system, it aims at offering the fuel reformer which can 
carry out and carry out [ high performance ]-izing of the whole system to a compact. 
[0010] 

[Means for Solving the Problem] fuel gas, a steam, and oxygen to the reforming reaction which 
invention of claim 1 holds the fuel reforming catalyst which promotes the reforming reaction of fuel gas, 
and is supplied — hydrogen - it is the fuel reformer which manufactures rich reformed gas, and it 
adjusts so that the side which introduces said fuel gas may increase more than the side to which the 
abundance of the metallic-oxide ingredient in it discharges said reformed gas to said reforming catalyst. 
[001 1] In the fuel reformer of claim 1, invention of claim 2 makes said fuel reforming catalyst a 
monolith type, and it mixes said metallic-oxide ingredient so that the direction of the side which 
introduces fuel gas rather than the discharge side of reformed gas may increase. 
[0012] In the fuel reformer of claim 1, invention of claim 3 makes said fuel reforming catalyst a 
monolith type, and the reforming catalyst from which the mixing rate of said metallic-oxide ingredient 
differs arranges it in order with many mixing rates of said metallic-oxide ingredient to the side which 
discharges reformed gas from the side which introduces fuel gas for two or more sorts of monolith type 
catalysts which a coat is carried out to catalyst support and change. 

[0013] fuel gas, a steam, and oxygen to the reforming reaction which invention of claim 4 holds the fuel 
reforming catalyst which promotes the reforming reaction of fuel gas, and is supplied — hydrogen — it is 
the fuel reformer which manufactures rich reformed gas, and the direction of the side which introduces 
said fuel gas into the front face of said reforming catalyst by which made said fuel reforming catalyst the 
monolith type, and the coat was carried out to catalyst support rather than the side which discharges said 
reformed gas for a metallic-oxide ingredient carries out a coat so that abundance may increase. 
[0014] In the fuel reformer of claim 4, the metallic-oxide ingredient of an amount which is different on 
the front face of the reforming catalyst which carried out the coat to said catalyst support arranges 
invention of claim 5 in order with much abundance of said metallic-oxide ingredient to the side which 
discharges reformed gas from the side which introduces fuel gas for two or more sorts of monolith type 
catalysts by which the coat was carried out. 

[0015] Invention of claim 6 uses said metallic-oxide ingredient as an oxygen occlusion ingredient in the 
fuel reformer of claims 1-5. 

[0016] Invention of claim 7 uses said oxygen occlusion ingredient as the multiple oxide containing 

cerium oxide Ce02 or Cerium Ce in the fuel reformer of claim 6. 

[0017] 

[Effect of the Invention] making a steam-reforming reaction and a partial oxidation reaction cause under 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



5/1/05 



JP,2001-348203,A [DETAILED DESCRIPTION] 



Page 3 of 5 



an operation of a fuel reforming catalyst in the fuel reformer of invention of claim 1-7 to the fuel gas, 
the steam, and oxygen which are supplied — hydrogen — rich reformed gas is manufactured. 
[0018] And by having adjusted to the reforming catalyst so that the side which introduces fuel gas might 
increase more than the side to which the abundance of the metallic-oxide ingredient in it discharges 
reformed gas, the partial oxidation reaction by the side of installation of fuel gas can be delayed, the 
rapid temperature rise in the part can be suppressed, and carbon monoxide concentration can be reduced. 

[0019] Furthermore, by using as the multiple oxide containing the oxygen occlusion ingredient Ce02, 
for example, cerium oxide, or Cerium Ce the metallic-oxide ingredient which mixes in a reforming 
catalyst or carries out a coat to the front face, occlusion of a part of oxygen which is the installation side 
of fuel gas and was introduced can be carried out, a partial oxidation reaction can be delayed, the rapid 
temperature rise in the part can be suppressed effectively, and carbon monoxide concentration can be 
reduced. 
[0020] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained in full 
detail based on drawing. Drawing 1 shows the fuel reformer of the gestalt of operation of the 1st of this 
invention. The fuel reformer of the gestalt of this operation consists of a fuel-supply way 1 to which the 
mixed steam which made a methanol and water mix and evaporate is supplied, an air supply way 2 to 
which the air for fuel oxidization (oxygen) is supplied, and a catalyst bed 3 with which a palladium 
system catalyst and the cerium oxide Ce02 as an oxygen occlusion ingredient which is a metallic-oxide 
ingredient were filled up. And it is mixed with the air from the air supply way 2, the mixed steam of the 
meta-note from the fuel-supply way 1 and water is made into material gas, and the steam -reforming 
reaction and partial oxidation reaction in a catalyst bed 3 are presented with it. 

[0021] The palladium system catalyst with which the catalyst bed 3 was filled up is adjusted by drying 
[ sink them in and ] and calcinating a palladium nitrate and zinc nitrate to a heat-resistant high zirconium 
dioxide. Mixed filling of a palladium system catalyst and the cerium oxide is carried out to the catalyst 
bed 3 by the material gas installation side so that the abundance of cerium oxide may become high rather 
than a reformed gas discharge side. 

[0022] Since the material gas installation side of a catalyst bed 3 has by this the quick partial oxidation 
reaction which is exothermic reaction with the conventional catalyst, occlusion of a part of oxygen with 
which it is introduced in the case of the gestalt of this operation that the elevated-temperature field 
extreme in the narrow range was generated is carried out to cerium oxide, and the abundance of a 
reforming catalyst is a raw material installation side, since it is few, a partial oxidation reaction can be 
delayed, and an extreme elevated-temperature field is not produced in the narrow range. Thereby, the 
concentration of the carbon monoxide in the reformed gas to generate can be stopped low. 
[0023] Drawing 2 (a) shows the conventional fuel reformer. In the case of the conventional fuel 
reformer, the metallic-oxide ingredient is not mixed only by the reforming catalyst (palladium Pb-zinc 
Zn system catalyst). And the reforming catalyst is made into the same amount in each part in alignment 
with the flow of the material gas in a catalyst bed 3. 

[0024] As shown in drawing 2 (b), in the case of such structure of the conventional example, the 
abundance of a reforming catalyst is uniform in each part of a catalyst bed, and since the metallic-oxide 
ingredient is not mixed, it is the installation side of material gas (CH3 OH+H2 0+02), a partial 
oxidation reaction (Pox: exothermic reaction) occurs rapidly and a steam-reforming reaction (SR: 
endothermic reaction) occurs comparatively gently, the temperature distribution within a catalyst bed 3 
become like Curve A. 

[0025] On the other hand, since in the case of the gestalt of this operation cerium oxide was mixed to the 
palladium Pb-zinc Zn system catalyst as shown in drawing 2 (c), it is the installation side of material gas 
and the abundance was moreover made [ many ], and it is the discharge side of reformed gas and 
lessened As Curve B shows to this drawing (b), are the installation side of the material gas of a catalyst 
bed 3, and it stops that a partial oxidation reaction (Pox) occurs rapidly. It can control so that a partial 
oxidation reaction occurs in the larger range, and a temperature rise can be widely carried out to the 
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downstream in a catalyst bed 3 (discharge side of reformed gas), and the steam -reforming reaction can 
also be promoted in the large range. 

[0026] And the fuel cell structure of a system which it becomes unnecessary to be able to reduce CO 
concentration of reformed gas effectively and to prepare a large-sized CO stripper in the latter part of the 
fuel reformer concerned by this, and makes this a fuel supply system is miniaturizable. 
[0027] Next, the fuel reformer of the gestalt of operation of the 2nd of this invention is explained based 
on drawing 3 . The fuel reformer of the gestalt of the 2nd operation consists of the fuel reforming 
sections 7 which held the 1st honeycomb catalyst 4 to which the coat of the same fuel-supply way 1 as 
the gestalt of the 1st operation and the air supply way 2 which were shown in drawing 1 , and a 
palladium system catalyst and cerium oxide was carried out, the 2nd honeycomb catalyst 5, and the 3rd 
honeycomb catalyst 6. 

[0028] The 1st honeycomb catalyst 4 of the fuel reforming section 7, the 2nd honeycomb catalyst 5, and 
the 3rd honeycomb catalyst 6 are the structures which all carried out the coat of the mixture of a 
palladium system catalyst and the cerium oxide which is an oxygen occlusion metallic material to 
honeycomb catalyst support. 

[0029] It adjusted to the palladium system catalyst by drying [ sink them in and ] and calcinating a 
palladium nitrate and zinc nitrate to a heat-resistant high zirconium dioxide. And the coat of the mixture 
of the suitable rate of this palladium system catalyst and cerium oxide was carried out to honeycomb 
catalyst support, and the honeycomb catalyst was manufactured, moreover, the 1st, 2nd, and 3rd 
honeycomb catalyst 4, 5, and 6 ~ each has changed the mixed rate of a palladium system catalyst and 
cerium oxide. That is, the mixed rate of cerium oxide of the 1st honeycomb catalyst 4 by the side of 
installation of material gas is high, and the mixed rate of cerium oxide is made for the honeycomb 
catalyst by the side of discharge of reformed gas to become low. 

[0030] Even if it is in the fuel reformer of the gestalt of this 2nd operation, the same operation 
effectiveness as the gestalt of the 1st operation shown in drawing 1 is done so. Namely, to a palladium 
Pb-zinc Zn system catalyst, since it is the installation side of material gas, and there are many mixed 
rates, they are the discharge sides of reformed gas and there are, cerium oxide [ few ] It can stop that a 
partial oxidation reaction (Pox) occurs rapidly, it can be controlled so that a partial oxidation reaction 
occurs in the larger range, and it can carry out [ it is the installation side of the material gas of the fuel 
reforming section 7, and ] a temperature rise widely to the downstream in the fuel reforming section 7, 
and a steam-reforming reaction can also be promoted in the large range. And the fuel cell structure of a 
system which it becomes unnecessary to be able to reduce CO concentration of reformed gas effectively 
and to prepare large-sized CO stripper in the latter part of the fuel reformer concerned by this, and 
makes this a fuel supply system is miniaturizable. 

[003 1] Next, the fuel reformer of the gestalt of operation of the 3rd of this invention is explained based 
on drawing 4 . The gestalt of the 3rd operation has the description in the structure of a catalyst bed 3. 
This catalyst bed 3 is a honeycomb catalyst, and is the structure which carried out the coat of the 
palladium system catalyst to honeycomb catalyst support, and carried out the coat of the cerium oxide 
which is an oxygen occlusion metallic material to that front face further. 

[0032] It adjusted to the palladium system catalyst by drying [ sink them in and ] and calcinating a 
palladium nitrate and zinc nitrate to a heat-resistant high zirconium dioxide. Moreover, this honeycomb 
catalyst layer 3 has the high abundance of the cerium oxide by the side of installation of material gas by 
carrying out a coat at the front face of the uniform palladium system catalyst of a paint film so that it 
may be thick in the installation side of material gas and the discharge side of reformed gas may become 
thin about the paint film of cerium oxide, and he is trying for the abundance of the cerium oxide by the 
side of discharge of reformed gas to become low. 

[0033] Thereby, the same operation effectiveness as the gestalt of the 1st operation can be acquired. 
[0034] Next, the fuel reformer of the gestalt of operation of the 4th of this invention is explained based 
on drawing 5 . although the gestalt and structure of the 2nd operation which showed the gestalt of the 
4th operation in drawing 3 are the same -- the 1st - the 3rd honeycomb catalyst 4, 5, and 6 - the points 
carried out like the gestalt of the 3rd operation of each internal structure differ. 
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[0035] that is, the 1st - the 3rd honeycomb catalyst 4, 5, and 6 - each is the structure which carried out 
the coat of the palladium system catalyst to honeycomb catalyst support, and carried out the coat of the 
cerium oxide which is an oxygen occlusion metallic material to the front face further. And the 
abundance of the cerium oxide by the side of installation of material gas is high, and in order to adjust so 
that the abundance of the cerium oxide by the side of discharge of reformed gas may become low, in the 
1st honeycomb catalyst 4, film thickness of the coat of cerium oxide is made thicker than the thing of 
the 3rd honeycomb catalyst 6, and it is considering as the middle film thickness of the 1st and 3rd 
honeycomb catalyst 4 and 6 in the 2nd honeycomb catalyst 5. 

[0036] Thereby, the same operation effectiveness as the gestalt of the 2nd operation can be acquired. 
[0037] In addition, the number of stages of the honeycomb catalysts 4, 5, and 6 in the above 2nd and the 
gestalt of the 4th operation is not limited to three steps, and its **** is also good in two steps or four 
steps or more. 



[Translation done.] 
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